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A series of novel bipolar materials with donor-π-acceptor (D-π-A) and D-π-A-π-D structures 
have been synthesized using 1,2,4-triazole derivative (TAZ) as an acceptor and phenothiazine 
(PTZ), phenoxazine (PXZ), and 9, 9-dimethylacridane (DMAC) as donors. Their molecular 
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structures were confirmed by 1H NMR, 13C NMR and X-ray single-crystal diffraction. The large 
steric hindrance endows these molecules with typical thermally activated delayed fluorescence 
(TADF) features, including a small singlet-triplet energy splitting (∆𝐸𝐸𝑆𝑆𝑆𝑆) of 0.08-0.30 eV and 
completely spatially separate highest occupied molecular orbitals (HOMO) and the lowest 
unoccupied molecular orbitals (LUMO) electron densities. The phosphorescent organic light-
emitting devices (PhOLEDs) hosted by these novel TADF materials display excellent 
performances, with an extremely low efficiency roll-off. 
 
1. Introduction 
Organic light-emitting devices (OLEDs) have attracted considerable attention due to their 
applications in lighting and displaying [1]. The efficiency and luminance have improved by 
using phosphorescent organometallic complexes of e.g., iridium (III) [2], platinum (II) [3] due to 
nearly 100 % internal quantum efficiency resulting from harvesting both the triplet (75 %) and 
singlet excitions (25%) via effective spin-orbit coupling. However, most phosphorescent 
OLEDs (PhOLEDs) generally suffer from drastic efficiency roll-offs at high luminance [4], 
which has limited their applications [5]. To solve this issue, many methods have been employed, 
such as broadening the combination zone of hole and electron, decreasing the triplet exciton 
lifetime and reducing the Förster radius [6]. 
One of the most effective strategies is to use thermally activatived delayed fluorescence 
(TADF) materials as hosts in PhOLEDs because their small singlet-triplet energy splitting (∆EST) 
can upconverse triplet excitons to singlet states via reverse intersystem crossing (RISC), and 
then achieve energy transfer from host to emitter by Förster resonance energy transfer (FRET) 
[7]. For example, Wang used the TADF molecule of MTXSFCz [phenlcarbazole (PhCz) as 
donor andthioxanthone (TX) as acceptor] as host and red or orange iridium (III) complexes as 
emitters to achieve high performance with low roll-off [8]. Xu reported a TADF molecule with 
a high triplet (T1) energy of 2.93 eV, which endowed a blue PhOLEDs with a state-of the-art 
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external quantum efficiency (EQE) of 22.7 % and 11 % roll-off at 1 000 cd/m2 [9]. Our group 
also obtained excellent green PhOLEDs with low roll-off efficiency by using the TADF 
molecule bis[4-(9,9-dimethyl-9,10-dihydroacridine)phenyl]sulfone (DMAC-DPS) as an 
universal host [10]. Obviously, TADF molecules are promising as host in PhOLEDs to overcome 
the roll-off efficiency issue. 
We recently developed a new acceptor (A) of 2-(2-phenyl-2H-1,2,4-triazol-3-yl) pyridine 
(TAZ), and successfully synthesized bipolar phosphorescent host materials by using carbazole 
as the donor (D) [11]. Herein, a series of D-π-A and D-π-A-π-D type bipolar materials with 
TADF features using TAZ as the acceptor and phenothiazine (PTZ), phenoxazine (PXZ) and 9, 
9-dimethylacridane (DMAC) as the donors are described; These materials are termed TAZ-
PTZ, TAZ-PXZ, TAZ-DMAC, TAZ-2PTZ, TAZ-2PXZ and TAZ-2DMAC, respectively. 
Compared with other donors, PXZ and PTZ with the additional electron-rich sulfur and oxygen 
atoms can further enhance the electron-donating ability [12]. Simultaneously, the “like-butterfly” 
structure of PXZ and two methyl groups of DMAC can effectively hinder intermolecular π-
stacking aggregation to enhance the intramolecular charge-transfer (ICT) transition [13]. We 
utilized these bipolar TADF materials as hosts to fabricate red, green and blue PhOLEDs with 
a maximum external quantum efficiency (EQE) of 13.5 16.9 and 7.0 %, respectively. The EQE 
roll-off of the green PhOLEDs with the TAZ-PXZ host reduced to 1.4 % and that of the red 
TAZ-2DMAC-based device reduced to 4.4 % at 1 000 cd/m2. These are lower values than those 
reported in the latest references. The effects of different donors on the nature of excited states 
were systematically investigated. The molecular structures of D-π-A and D-π-A-π-D type 
TADF materials are displayed in Scheme 1 and the synthetic procedure are shown in Scheme 
S1.  
 
2. Results and discussion 
 
2.1. Synthesis and characterization 
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The electron-accepting TAZ and electron-donating units are linked via the phenyl ring at N1- 
and C3-positions of 1, 2, 4-triazole. The designed molecules can be divided into two types: 
asymmetric D-π-A of TAZ-PTZ, TAZ-PXZ, TAZ-DMAC and symmetric D-π-A-π-D-type 
molecules of TAZ-2PTZ, TAZ-2PXZ, TAZ-2DMAC. The synthetic routes are displayed in 
Scheme S1. The starting compound of 2-(5-(4-bromophenyl)-2H-1,2,4-triazol-3-yl)pyridine 
(compound 1) was synthesized according to reference 11b. The intermediate compounds 2a 
and 2b were obtained by the Ullman reactions between 1-iodobenzene or 1-bromo-4-
iodobenzene and compound 1. Finally, the targeted compounds were synthesized by palladium 
catalysed C-N coupling reactions of the Br-TAZ or Br-TAZ-Br and the corresponding donors 
by a mole ratio of 1:1 or 1:2. Their chemical structures were fully confirmed by 1H NMR, 13C 
NMR, elemental analysis and single-crystal X-ray crystallographic analysis, and displayed in 
Scheme 1. All compounds possess good solubility in common organic solvents.  
As shown in Fig. 1, large dihedral angles of 80.4°, 95.1° and 87.2° were found between the 
planes of PTZ, PXZ, DMAC and adjacent phenyl rings in TAZ-PTZ (CCDC 1855471), TAZ-
PXZ (CCDC 1855473) and TAZ-DMAC (CCDC 1855472), respectively. Meanwhile, the 
twist angels were 96.1° and 87.1° for TAZ-2PTZ (CCDC 1855474), 82.5 °and 79.1° for TAZ- 
2PXZ (CCDC 1855475). The D-π-A-type compounds show smaller twist angles of ~35.1°-45° 
between the electron-withdrawing pyridine and the 1, 2, 4-triazole unit than that of the D-π-A-
π-D molecules due to the strong electron-donating ability. No obvious π-π packing between 
adjacent molecules was observed (Fig. S1). The twisted structures of these bipolar materials 
resulted in the separated electron densities, where the HOMOs were mainly dispersed over the 
donors with a small contribution from the adjacent phenyl rings; the LUMOs were distributed 
on the TAZ moieties and phenyl rings (Fig. S2). This spatial separation of the HOMO and 
LUMO suggests small ∆EST and bipolar charge transport in these compounds. It is noteworthy 
that one more donor substitute in TAZ remarkably decreases the HOMO energy level. While, 
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all TAZ-based compounds show similar LUMO energy levels with negligible differences of 
0.01 eV with increasing number of donors. 
The thermal stabilities of the synthesized materials were investigated by differential scanning 
calorimetry (DSC) and thermogravimetric analysis (TGA) curves (Fig. S3). The thermal data 
are summarized in Table 1. The decomposition temperatures (Td) measured by TGA at 5 % 
weight loss were observed at 412 (TAZ-PTZ), 347 (TAZ-PTZ), 451 (TAZ-2PTZ) and 460 ℃
(TAZ-2PXZ), respectively. Glass transition temperatures (Tg) in the range of 63-122 ℃ were 
indicated by DSC scans. The poor thermal stabilities of TAZ-DMAC (Td = 247 ℃) and TAZ-
2DMAC (Td = 292 ℃ and Tg = 63 ℃) were due to the larger steric hindrance from two methyl 
groups. 
 
2.2 Photophysical Characteristics 
The UV-vis absorption and photoluminescence (PL) spectra of TAZ-based bipolar molecules 
in dichloromethane (DCM) solution and in thin film at room temperature are shown in Fig. 2. 
The key photophysical data are summarized in Table 1. For all compounds, the strong 
absorption peaks below 300 nm were attributed to π-π* transition from the 1, 2, 4-triazole 
moiety and electron-donating groups 14. The peaks at longer wavelength of 300-400 nm are 
ascribed to the intramolecular charge-transfer (ICT) transition from the electron-withdrawing 
TAZ unit to the electron-donation groups in PTZ- and PXZ-based molecules. Comparing their 
absorption spectra, no prominent ICT absorption for the compounds with DMAC as donor in 
DCM solution was observed, which may be due to the weak electron-donating ability of DMAC. 
The ICT absorption peaks in all thin-solid film were more intense. For example, the weak peaks 
at 342 nm for TAZ-DMAC and TAZ-2DMAC in thin film might be assigned to the ICT or 
interaction between adjacent molecules. 
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Each titled compound displays a structureless broad emission with main peaks in the range 
of 452-554 nm from blue to green in DCM solution. As electron-donating ability increasing, 
the emission spectra exhibit bathochromic shift with the order TAZ-DMAC (452 nm)＜TAZ-
PXZ (488 nm)＜TAZ-PTZ (499 nm)＜TAZ-2DMAC (527 nm) ＜ TAZ-2PTZ (543 nm)＜ 
TAZ-2PXZ (554 nm). This indicates that the donor-acceptor features of the D-π-A-π-D 
molecules are strengthened. The TAZ-based compounds with DMAC, PTZ and PXZ as donors 
exhibited deep blue, light blue and green-blue emission in the thin films (Fig. 2b) at room 
temperature. The emission peaks are blue-shifted compared with that of in DCM solution. This 
feature of the emission indicates that molecules possess the non-planar configuration in thin 
film and the π-conjugation is reduced because of the increase in steric state 15. 
 
2.3 Excited Features 
The excited state natures of these compounds were studied by measuring their PL spectra in 
solvents with different polarities (Fig. S4 ESI*). As the solvent polarity increased from hexane 
to acetonitrile, the emission spectra progressively broaden and are structureless with large 
redshifts of 57 nm for TAZ-PTZ, 89 nm for TAZ-PXZ, 63 nm for TAZ-DMAC, 106 nm for 
TAZ-2PTZ, 121 nm for TAZ-PXZ, and 107 nm for TAZ-2DMAC, which suggest that their 
excited states possess strong CT characteristic. The emission spectra of D-π-A-π-D molecules 
displayed more obvious red shift with increasing solvents polarity than that of D-π-A 
compounds because of the increasing electron- donating ability that may facilitate to RISC from 
T1 to S1. 
The energy gaps (Egs) were determined to be 2.92-3.22 eV from the intersections between 
the absorption and emission spectra in thin films. The electrochemical properties of these 
compounds were investigated by cyclic voltammetry (CV) experiments (Fig. S5). Their HOMO 
levels reduced accordingly with enhancement of electron-donating ability and the increasing 
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number of donor units with the order of TAZ-PXZ (-5.43 eV)＞TAZ-2PXZ (-5.49 eV) ＞
TAZ-PTZ (-5.53 eV) ＞TAZ-2PTZ (-5.65 eV) ＞TAZ-DMAC (-5.67 eV) ＞TAZ-2DMAC 
(5.73 eV). The LUMO levels, calculated from the HOMO and Eg, are listed in Table 1. The 
relatively shallow LUMO levels of TAZ-PTZ, TAZ-2PTZ, TAZ-PXZ and TAZ-2PXZ 
indicate a small electron-injection barrier from the electron transporting material to the emitting 
layer in devices.  
 
2.4 TADF characteristic 
Fig.3 depicts the phosphorescent spectra of these compounds at 77 K with 5 ms delayed in a 
frozen toluene matrix and the PL spectra at 298 K. The profiles of the phosphorescent spectra 
of TAZ-PTZ, TAZ-PXZ and TAZ-DMAC at 77 K were of well-defined vibronic structures, 
illustrating that the phosphorescence is derived from 3LE states. For the D-π-A-π-D molecules, 
the phosphorescence spectra were structureless, suggesting that 3CT state transitions were 
dominated because of strong donating-electron ability. Their T1 levels were estimated to be 2.51 
eV for TAZ-PTZ, 2.75 eV for TAZ-PXZ, 2.82 eV for TAZ-DMAC, 2.33 eV for TAZ-2PTZ, 
2.35 eV for TAZ-2PXZ and 2.62 eV for TAZ-2DMAC. According to their fluorescence and 
phosphorescence spectra, the ∆EST values were 0.30, 0.08, 0.21, 0.14, 0.15 and 0.08 eV, 
respectively. The small ∆EST values suggested that triplet excitons can be easily harvested by 
T1→S1 reverse intersystem crossing. 
To further verify their TADF characteristics, the transient PL spectra in thin solid film were 
tested (Fig. S6), a nanosecond-scale prompt (𝛕𝛕p) component and a microsecond-scale delay (𝛕𝛕d) 
component were observed. Taking TAZ-2PXZ for an example, its transient PL spectrum can 
be fitted to 𝝉𝝉𝑷𝑷 of 4.59 ns and 𝝉𝝉𝑷𝑷 of 8.94 μs. The lifetimes of the mono-donor TADF emitters 
were much longer than those of bi-donor ones. The PL quantum yields ( ) of TAZ-based PLφ
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TADF emitter are evaluated to be below 15 % in thin films (Table 1), even in doped films due 
to the large steric hindrance and completely separated HOMO and LUMO. 
 
2.5 Bipolar-carrier transport properties 
To better understand the effect of the molecular structures on carrier-transport abilities, the 
hole-only (HOD) and electron-only (EOD) devices of these TAZ-based compounds were 
fabricated. The configuration of HOD was ITO/ MoO3 (3 nm)/ TCTA (10 nm)/ TAZ-based 
compounds (40 nm)/ TCTA (10 nm)/ Al(100 nm), while the structure of EOD was ITO/ TPBi 
(10 nm)/ TAZ-based compounds (40 nm)/ TPBi (10 nm)/ LiF(1 nm)/ Al(100 nm). Tris(4-
carbazoyl-9-ylphenyl)amine (TCTA) and 1, 3, 5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene 
(TPBi) were used to block the electron injection from Al and the hole injection from ITO, 
respectively. MoO3 (molybdenum oxide) and LiF (lithium fluoride) serve as the hole- and 
electron-injecting layers. The current density versus voltage (J-V) curves of all single-carrier 
devices are shown in Fig.4.   
Each device exhibits significantly high current densities in the typical voltage range, 
suggesting that all compounds possess bipolar charge-transporting abilities. The single-carrier 
devices TAZ-PTZ, TAZ-PXZ, TAZ-2PXZ and TAZ-DMAC have comparable electron- and 
hole-density, indicating that these materials have comparable bipolar charge-transporting 
characters. The devices based on TAZ-2PTZ and TAZ-DMAC exhibit higher hole current and 
the lower electron current due to severe non-coplanar conformations. Hence, the steric 
hindrance of donor units has much more significant effects on the carrier-transporting ability 
than that of the electron-donating nature. 
 
2.6 Performances of phosphorescent OLEDs 
Considering the low , these TADF emitters were used in PhOLEDs as hosts rather than as 
emitters in TADF devices. To verify the energy transfer from host to guests in the 
PLφ
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phosphorescent devices, the absorption of FIrpic, Ir(ppy)3 and Ir(piq)2acac and the PL spectra 
of all TAZ-based materials were measured and shown in Fig. S7. The PL emissions of all 
synthesized bipolar materials overlaps well with the absorption of Ir(ppy)3 and Ir(piq)2acac, 
indicating efficient Förster energy transfer from TAZ-based compounds to Ir(Ⅲ) complexes. 
Therefore, the red, green, and blue PhOLEDs were fabricated with a uniform structure of 
ITO/MoO3(3 nm)/ TCTA (40 nm)/ EML (20 nm)/ TPBi(50nm)/ LiF(1 nm)/ Al(100 nm) by 
utilizing these bipolar material with TADF features as hosts. Here, the EMLs that employed 
TAZ-based hosts doped with 8 wt% Ir(ppy)3 are TAZ-PTZ for G1, TAZ-PXZ for G2, TAZ-
DMAC for G3, TAZ-2PTZ for G4, TAZ-2PXZ for G5 and TAZ-2DMAC for G6. EMLs of 
TAZ-based host doped with 6 wt% Ir(piq)2acac are TAZ-PTZ for R1, TAZ-PXZ for R2, TAZ-
DMAC for R3, TAZ-2PTZ for R4, TAZ- 2PXZ for R5, and TAZ-2DMAC for R6. The 
compounds of TAZ-DMAC and TAZ-2DMAC have higher ET than that of blue-emitting 
FIrpic (ET=2.62 eV) and there are sufficient overlaps between the absorption spectrum of Firpic 
and the PL spectra of TAZ-DMAC and TAZ-2DMAC in films. Therefore, the blue PhOLEDs 
were fabricated with the structure of ITO/MoO3 (3 nm)/ TCTA (40 nm)/ TAZ-DMAC or TAZ-
2DMAC: FIrpic 20 wt% (20 nm) /TPBi (50 nm) /LiF(1 nm)/ Al (100 nm) (TAZ-DMAC for 
B1 or TAZ-2DMAC for  B2) .   
All relevant key performances of all devices are summarized in Table 2. Devices G1-G6 
displayed the typical green EL (Fig. 6a) resulting from Ir(ppy)3 with peaks at 512 and 540 nm, 
indicating that complete energy transfer from host to dopant were achieved. The current 
density-voltage-luminance (J-V-L), current efficiency-current density-power efficiency (𝜼𝜼𝒄𝒄-J-
𝜼𝜼𝒑𝒑), and external quantum efficiency-Luminance (EQE-L) are shown in Fig. 6. The turn-on 
voltages of devices G1, G2, G4 and G5 were 2.7, 2.9, 3.0 and 3.0 V, respectively, at 1 cd/m2. 
Devices G3 and G6 hosted by TAZ-DMAC and TAZ-2DMAC exhibited higher turn-on 
voltages of 4.2 V, which is attributed to the higher LUMO and lower HOMO levels than those 
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of the other TAZ-based TADF hosts, and to the larger energy barrier of electron and hole 
injection.  
  The TAZ-PTZ and TAZ-DMAC host green devices G1 and G3 exhibited the best 
efficiency among G1-G6, with 𝑬𝑬𝑬𝑬𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎 13.4 %,  𝜼𝜼𝒄𝒄,𝒎𝒎𝒎𝒎𝒎𝒎 46.5 cd/A, and a  𝜼𝜼𝒑𝒑,𝒎𝒎𝒎𝒎𝒎𝒎 53.9 lm/W 
for G1, 𝑬𝑬𝑬𝑬𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎 13.5 %, 𝜼𝜼𝒄𝒄,𝒎𝒎𝒎𝒎𝒎𝒎 47.3 cd/A, and 𝜼𝜼𝒑𝒑,𝒎𝒎𝒎𝒎𝒎𝒎 32.6 lm/W for G3. The maximum EQE 
of devices using TAZ-PXZ, TAZ--2PTZ, TAZ-2PXZ and TAZ-2DMAC as hosts were up to 
12.1, 9.9, 11.6 and 10.0 %, respectively. More importantly, all green devices exhibited 
extremely low efficiency roll-offs, which could be competitive with the best reported PhOLEDs 
with the conventional hosts16. As an example, for device G2, the efficiency roll-off values of 
1.4 % and 14.1 % at 1 000 cd/m2 and 10 000 cd/m2, respectively, were observed, which is lower 
than that of Ir(ppy)3 PhOLEDs reported recently 17. 
Encouraged by the low roll-off efficiency of these TADF hosts in green PhOLEDs, we 
further fabricated red and blue phosphorescent devices using TAZ-based TADF materials as 
hosts. These red PhOLEDs have identical devices structures as the green ones but with 6 wt% 
Ir(piq)2acac and 20 wt% FIrpic as the doped emitter. The typical red light from Ir(piq)2acac was 
observed from devices R1-R6. Their J-V-L characteristics, and efficiency curves are shown in 
Fig. 7. The maximum EQE of device R4 hosted by TAZ-2PTZ reached 13.0 % and was still 
maintained at 11.9 % under 1 000 cd/m2, corresponding to a roll-off of 8.2 %. The device R6 
based on TAZ-2DMAC also exhibited good performance with the maximum EQE of 13.5 % 
and roll-off of 4.4 % at 1 000 cd/m2, which is lower than that of the reported red PhOLEDs 14d, 
18. The device B1 hosted by TAZ-DMAC displayed maximum efficiencies of 15.1cd/A, 10.8 
lm/W and 7.0 %, as shown in Fig. 8S and Table 2. 
The efficiency roll-off originated mainly from TTA or TPQ mechanism for PhOLEDs [19], 
which implies that the stacking of triplet excitons with long lifetimes suppresses the 
improvement in the efficiency. The host with TADF features endowed their PhOLEDs with the 
extremely small efficiency roll-offs, which resulted from two factors: i) the small of TADF 
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molecules promote the triplet excitons transfer to their singlet state by RISC, which results in 
reduce density of triplet excitons on the host; ii) the excellent bipolar-carrier transport ability 
could improve the charge injection, transport and recombination ability at high brightness.  
 
3 Conclusions 
In conclusion, six TAZ-based TADF emitters with A-π-D and D-π-A-π-D structures were 
designed and synthesized through increasing the number of donor units. A systematic study 
was carried on these compounds including their photophysical properties, thermostability, 
carrier-transfer ability and the performances in PhOLEDs. The photophysical studies revealed 
that increasing the number of donors can increase the CT contribution in excited states and 
consequently ∆𝑬𝑬𝑺𝑺𝑺𝑺  can be adjusted. Red, green and blue PhOLEDs based on TAZ-based 
materials exhibited extremely low efficiency roll-off at high luminance due to the small ∆EST. 
The PhOLEDs, by doping with Ir(piq)2acac in TAZ-2DMAC achieved maximum EQE of 
13.5 % with a 4.4 % roll-off at 1000 cd/m2. It is a feasible way in solving the roll-off efficiency 
for PhOLEDs by using TADF emitter as hosts.  
 
4 Experimental 
4.1 Materials and Measurements 
1H NMR and 13C NMR spectra were measured with a Switzerland Bruker DR×600. C, H 
and N microanalysis were performed with an Elemental Vario EL elemental analyzer. UV-vis 
absorption spectra were measured using a Lambda Bio 40. The photoluminescence (PL) spectra 
were recorded using a HORIBA FluouoMax-4 spectrophotometer. The low-temperature 
phosphorescence spectra at 77 K were measured with an Edinburgh F-980. The absolute 
quantum yields in films were measured using an absolute method by an integrating sphere. 
Thermogravimetric analysis (TGA) curves were obtained using a Netzsch TG 209F3 under dry 
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nitrogen atmosphere with heating at a rate of 10 ℃/min from room temperature to 800℃. 
Differential scanning calorimetry (DSC) was performed using a DSC  Q2000 at a heating rate 
of 10 ℃/min from 20 to 300 ℃, then cooling to room temperature rapidly and heating to 300 ℃
again; from which the glass transition temperature (Tg) was determined from the second heating 
scan.  
X-ray single-crystal diffractions were carried out on Bruker SMART APEX II diffractometer 
with Mo Ka radiation (λ=0.710 73 Å). The structures were resolved with direct methods 
(SHELX-97) and refined with full-matrix least-squares technique.  
Electrochemical measurements were recorded in DCM solution with CHI 660E voltammetry 
analyzer, using tetrabutylammonium hexafluorophosphate (TBAPF6) (0.1 M) as the supporting 
electrolyte, platinum as the working electrode, platinum electrode as the counter, a calomel 
electrode as the reference, and ferrocenium-ferrocene (Fc+/Fc) as the internal standard. The 
scan rate is 100 mV/s. The energy level of HOMO (EHOMO) was calculated according to the 
equation 𝑬𝑬𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 = −𝟒𝟒.𝟖𝟖 − 𝐞𝐞(𝑬𝑬𝒄𝒄𝒐𝒐𝒎𝒎 − 𝑬𝑬𝒇𝒇𝒐𝒐𝒎𝒎)𝐕𝐕, where 𝑬𝑬𝒄𝒄𝒐𝒐𝒎𝒎 was the first oxidation peaks measured 
from CV curves and 𝑬𝑬𝒇𝒇𝒐𝒐𝒎𝒎 was the oxidation peak of ferrocene. The energy level of LUMO 
(ELUMO) was calculated from the equation of 𝐄𝐄𝐋𝐋𝐋𝐋𝐇𝐇𝐇𝐇 = 𝐄𝐄𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 + 𝐄𝐄𝐠𝐠, and 𝑬𝑬𝒈𝒈 is the absorption 
and emission spectra intersection in thin film. 
  
4.2 Computational details 
Theoretical calculations were performed using the Gaussian 03 package. Geometry 
optimization was performed by density functional theory (DFT) in B3LYP/6-31G(d) basis sets.  
 
4.3 Device fabrication and measurements 
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The phosphorescent devices with 3 ×  3 mm2 active area were fabricated by vacuum 
deposition onto indium tin oxide (ITO)-coated glass substrate. The ITO/glass substrate was 
cleaned with deionized water, acetone and ethanol. The electroluminescent (EL) spectra were 
measured by a PR-655 spectrophotometer. The current density-voltage-luminance (J-V-L) 
curves were recorded using a Keithley 2400 Source Meter and ST-900M Spot Brightness Meter. 
4.4 Synthesis 
The starting reagents were purchased from commercial companies and used without further 
purification. Solvents for synthesis were purified according to standard procedures prior to use. 
All reactions were performed under an inner nitrogen atmosphere. The synthetic routes of all 
TAZ-based D-π-A and D-π-A-π-D bipolar materials are presented in Scheme S1. And the 
synthesis of 2-(5-phenyl-4H-1,2,4-triazol-3-yl)pyridine (1) and 2-(5-(4-bromophenyl)-2-
phenyl-2H-1,2,4-triazol-3-yl)pyridine (2a) were reported. 
2-(2,5-bis(4-bromophenyl)-2H-1,2,4-triazol-3-yl)pyridine (2b)  
Compound 1 (2.28 g， 7.6 mmol)， 1-bromo-4-iodobenzene(3.40 g，12 mmol)， Phen 
(0.96g，4.8 mmol)，CuI (0.48 g， 2.5 mmol)，Cs2CO3 (3.72 g，11 mmol) were dissolved in  
DMF (40 mL) and reacted for 24 h at 100 ℃ and then, cooled to room temperature and the 50 
mL water were added and the reaction product was extracted with DCM (200 mL).  The final 
product was then obtained by column chromatography on silica gel with petroleum ether/DCM 
(1:1, V/V) as the eluent to yield a white solid 2b (yield: 72%). 1H NMR (600 MHz, Chloroform-
d) δ 8.51 (dt, J = 4.7, 1.3 Hz, 1H), 8.13 – 8.09 (m, 2H), 8.03 (dd, J = 7.9, 1.3 Hz, 1H), 7.83 (td, 
J = 7.8, 1.8 Hz, 1H), 7.63 – 7.54 (m, 4H), 7.37 – 7.31 (m, 3H). 
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TAZ-PTZ: Compound 1a(1.88 g, 5 mmol)，Phenothiazine (1.51 g, 7.5 mmol), Pd2(dba)3 
(0.28g, 0.3 mmol), P(t-Bu)3BF4 (87 mg, 0.3 mmol), (t-Bu)Na (0.96 g, 10 mmol), and toluene 
(50 mL) were heated to reflux for 24 h. After cooling to room temperature, the mixture was 
poured into the water (50 mL) and extracted with DCM (200 mL). The organic extracts were 
washed with water and dried over anhydrous MgSO4 many times. TAZ-PTZ was obtained by 
column chromatography on silica gel with petroleum ether/DCM (4: 1, V/V) as the eluent to 
yield a white solid (yield: 80%). 1H NMR (600 MHz, Chloroform-d) δ 8.49 (dd, J = 31.7, 6.1 
Hz, 3H), 7.99 (d, J = 7.9 Hz, 1H), 7.80 (td, J = 7.7, 1.8 Hz, 1H), 7.51 – 7.40 (m, 7H), 7.34 – 
7.29 (m, 1H), 7.04 (dd, J = 7.4, 1.6 Hz, 2H), 6.91 – 6.74 (m, 4H), 6.35 (d, J = 8.2 Hz, 2H). 13C 
NMR (151 MHz, Chloroform-d) δ 164.06, 156.48, 152.28, 150.46, 146.92, 141.84, 139.63, 
133.21, 131.92, 131.82, 131.78, 131.58, 129.78, 128.50, 127.32, 127.30, 125.60, 123.99, 
119.62, 80.15, 61.29, 21.32. 
TAZ-PXZ and TAZ-DMAC were prepared by procedure similar to that of compound TAZ-
PTZ.  
TAZ-PXZ (yield, 72 %):1H NMR (600 MHz, Chloroform-d) δ 8.56 – 8.51 (m, 1H), 8.48 (d, 
J = 8.3 Hz, 2H), 7.99 (d, J = 7.8 Hz, 1H), 7.82 (td, J = 7.8, 1.8 Hz, 1H), 7.49 – 7.42 (m, 7H), 
7.34 (ddd, J = 7.6, 4.8, 1.1 Hz, 1H), 6.72 – 6.58 (m, 6H), 6.01 (d, J = 7.9 Hz, 2H). 13C NMR 
(151 MHz, Chloroform-d) δ 163.99, 156.52, 152.28, 150.47, 146.93, 146.90, 142.98, 141.83, 
139.61, 137.19, 133.93, 133.87, 132.24, 131.77, 131.58, 128.50, 127.29, 126.15, 124.27, 
124.05, 118.35, 118.19, 116.27, 61.32, 32.56, 21.31. 
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TAZ-DMAC (yield, 78 %): 1H NMR (600 MHz, Chloroform-d) δ 8.57 – 8.46 (m, 3H), 8.01 
(d, J = 7.8 Hz, 1H), 7.81 (td, J = 7.7, 1.7 Hz, 1H), 7.46 (ddd, J = 13.0, 4.9, 1.8 Hz, 9H), 7.33 
(dd, J = 7.6, 4.8 Hz, 1H), 6.96 (dtd, J = 29.4, 7.3, 1.4 Hz, 4H), 6.36 (dd, J = 8.2, 1.2 Hz, 2H), 
1.70 (s, 6H). 13C NMR (151 MHz, Chloroform-d) δ 164.19, 156.53, 152.29, 150.50, 145.29, 
143.74, 141.88, 139.65, 134.50, 133.61, 133.01, 132.12, 131.84, 131.80, 131.60, 129.30, 
128.53, 128.12, 127.33, 123.54, 117.05, 61.28,  38.92, 34.21, 21.34. 
TAZ-2PTZ Compound 2b (2.28g, 5 mmol)，phenothiazine (2.61g, 13 mmol), Pd2(dba)3 
(0.55g, 0.6 mmol), P(t-Bu)3BF4 (0.18g, 0.6 mmol), (t-Bu)Na (1.92g, 20 mmol), and toluene 
(100 mL) were heated to reflux for 24 h under nitrogen gas. Then, the reacted mixture was 
cooled to room temperature and the water were added. The organic extracts were washed with 
water and dried over anhydrous MgSO4 many times. Finally, the product of TAZ-2PTZ were 
purified by column chromatography on silica gel with petroleum ether/ ethyl acetate (4: 1, V/V) 
as the eluent to yield a white solid (yield, 69 %). 1H NMR (600 MHz, Chloroform-d) δ 8.50 
(ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.50 – 8.45 (m, 2H), 8.16 (dt, J = 7.9, 1.1 Hz, 1H), 7.87 (td, J = 
7.7, 1.8 Hz, 1H), 7.68 – 7.62 (m, 2H), 7.53 – 7.48 (m, 2H), 7.46 – 7.40 (m, 2H), 7.36 (ddd, J = 
7.7, 4.8, 1.2 Hz, 1H), 7.10 (dd, J = 7.6, 1.5 Hz, 2H), 7.06 (dd, J = 7.5, 1.6 Hz, 2H), 6.97 (ddd, 
J = 8.2, 7.3, 1.6 Hz, 2H), 6.93 – 6.87 (m, 4H), 6.84 (td, J = 7.4, 1.3 Hz, 2H), 6.48 (dd, J = 8.2, 
1.2 Hz, 2H), 6.38 (dd, J = 8.2, 1.3 Hz, 2H). 13C NMR (151 MHz, Chloroform-d) δ 164.23, 
156.55, 152.04, 150.32, 146.89, 146.56, 145.47, 144.94, 140.65, 139.86, 133.09, 132.98, 
132.11, 131.92, 130.81, 130.05, 129.84, 129.80, 127.55, 127.35, 126.13, 125.68, 125.40, 
124.18, 120.57, 119.74. 
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TAZ-2PXZ and TAZ-2DMAC were synthesized by procedure similar to that of compound 
TAZ-2PTZ.  
TAZ-2PXZ (yield, 70 %): 1H NMR (600 MHz, Chloroform-d) δ 8.50 (dd, J = 9.2, 6.4 Hz, 
3H), 8.20 (d, J = 7.8 Hz, 1H), 7.90 (td, J = 7.7, 1.8 Hz, 1H), 7.74 – 7.69 (m, 2H), 7.51 – 7.43 
(m, 4H), 7.39 (ddd, J = 7.6, 4.8, 1.1 Hz, 1H), 6.74 – 6.59 (m, 12H), 6.03 (ddd, J = 13.5, 7.9, 1.5 
Hz, 4H). 13C NMR (151 MHz, Chloroform-d) δ 164.20, 156.29, 152.00, 150.23, 146.94, 143.20, 
142.31, 141.77, 139.91, 137.15, 136.97, 134.30, 134.05, 133.64, 132.27, 131.61, 131.35, 
127.63, 127.35, 126.17, 124.60, 124.34, 118.54, 118.40, 116.26, 116.24. 
TAZ-2DMAC (yield, 69 %)：1H NMR (600 MHz, DMSO-d6) δ 8.53 (ddd, J = 4.8, 1.7, 0.9 
Hz, 1H), 8.51 – 8.46 (m, 2H), 8.23 (dt, J = 7.9, 1.1 Hz, 1H), 8.08 (td, J = 7.7, 1.8 Hz, 1H), 7.84 
– 7.79 (m, 2H), 7.59 – 7.48 (m, 9H), 7.07 (ddd, J = 8.4, 7.1, 1.5 Hz, 2H), 7.02 (ddd, J = 8.4, 
7.1, 1.6 Hz, 2H), 6.99 – 6.91 (m, 4H), 6.28 (ddd, J = 8.3, 3.9, 1.2 Hz, 4H), 1.65 (d, J = 4.7 Hz, 
12H). 13C NMR (151 MHz, Chloroform-d) δ 164.41, 156.67, 152.04, 150.35, 145.50, 143.74, 
143.62, 141.63, 139.90, 136.81, 134.81, 134.61, 133.46, 133.19, 133.05, 132.17, 131.24, 
129.33, 129.31, 128.23, 128.15, 127.61, 127.37, 123.82, 123.58, 117.05, 117.02, 61.29, 38.95, 
38.94, 34.23, 34.13, 33.97, 21.33. 
[CCDC1855471, 1855473, 1855472 1855474 and 1855475 contains the supplementary 
crystallographic data. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
Supporting Information 
Supporting Information is available from the Wiley Online Library or from the author. 
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20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
80.4° 
95.1° 
TAZ-PTZ 
TAZ-PXZ 
TAZ-DMAC 
87.2° 
87.1° 
96.1° 
82.5° 
79.1° 
TAZ-2PTZ 
TAZ-2PXZ 
Fig.1 The single-crystal structures of all synthesized molecules 
Fig. 2. Absorption and emission spectra of TADF TAZ-based hosts in DCM 
solution (a) and thin solid films (b) 
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Fig.4 J-V characteristics of all EOD and HOD devices 
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Fig. 5 The energy level diagram and chemical structures of all materials 
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Fig. 6 (a) EL spectra at 8 V, (b) J-V-L characteristic, (c) 𝜂𝜂𝑐𝑐-J-𝜂𝜂𝑝𝑝 and (d) EQE-L 
curves for green G1-G6 PhOLEDs 
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Fig. 7 (a) EL spectra at 8 V,(b) J-V-L characteristic, (c) 𝜂𝜂𝑐𝑐-J-𝜂𝜂𝑝𝑝 and (d EQE-L curves 
for red R1-R6 PhOLEDs  
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Compound 
Abs a 
(nm) 
PL a 
(nm) 
τp/ τdb 
(ns /μs) 
STΔE  
(eV) 
PLφ  
(%) 
HOMO/LUM
O 
(eV) 
Eg c 
(eV) 
 ETd 
(eV) 
Td/Tg 
(℃) 
TAZ-PTZ 317/329 499/468 8.13 /9.69 0.30 5.62 -5.53/-2.68 2.95 2.51 412/79 
TAZ-PXZ 325/ 341 488/468 20.67/13.2 0.08 8.16 -5.43/-2.57 2.86 2.75 347/83 
TAZ-DMAC 266/ 342 452/431 38.0/9.63 0.21 6.12 -5.67/-2.42 3.25 2.82 247/- 
TAZ-2PTZ 320/ 332, 377 543/490 12.67/6.3 0.14 1.29 -5.65/-2.79 2.86 2.33 451/117 
TAZ-2PXZ 326/333 554/490 4.59/8.94 0.15 10.96 -5.49/-2.70 2.79 2.35 460/122 
TAZ-
2DMAC 
281/281, 342, 
375 
527/445 23.05/ 0.08 8.76 -5.73/-2.51 3.22 2.62 292/63 
a DCM solution (10-5 M) / film; b promote / delayed lifetime in film; c Measured from the intersection between absorption and 
PL emission in thin film; d Measured from the maximum peak of the phosphorescence spectra 
Table 1. Photophysical and thermal data of all TAZ-based bipolar materials 
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Devices Host 
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚  
(nm) 
𝑉𝑉𝑜𝑜𝑜𝑜a 
(V) 
𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚  b 
(cd/m2) 
𝜂𝜂𝑐𝑐,𝑚𝑚𝑚𝑚𝑚𝑚  c 
(cd/A) 
𝜂𝜂𝑝𝑝,𝑚𝑚𝑚𝑚𝑚𝑚  d 
(lm/W) 
CIE e 
(x, y) 
EQE f 
(%) 
G1 TAZ-PTZ 512, 540 2.7 39 350 46.5 53.9 (0.32, 0.61) 13.4/12.9/9.6 
G2 TAZ-PXZ 512, 540 2.9 57 590 41.6 37.8 (0.32, 0.61) 12.1/11.9/10.0 
G3 TAZ-DMAC 512, 540 4.2 50 810 47.3 32.6 (0.32, 0.61) 13.5/13.3/11.6 
G4 TAZ-2PTZ 512, 540 3.0 30 210 34.6 32.8 (0.31, 0.61) 9.9/9.4/7.0 
G5 TAZ-2PXZ 512, 540 3.0 51 230 40.3 37.6 (0.31, 0.61) 11.6/11.5/8.9 
G6 
TAZ-
2DMAC 
512, 540 4.2 24 540 53. 6 39.4 (0.30, 0.60) 10.0/9.4/7.4 
R1 TAZ-PTZ 622, 664 2.7 16 640 11.4 10.8 (0.66, 0.32) 13.1/11.8/7.2 
R2 TAZ-PXZ 622, 664 3.2 13 670 10.0 9.0 (0.66, 0.32) 12.1/10.9/6.4 
R3 
TAZ-
DMAC 
622, 664 4.1 10 260 8.1 5.4 (0.66, 0.32) 10.8/9.7/6.1 
R4 TAZ-2PTZ 622, 664 3.0 10 110 12.0 9.7 (0.65, 0.32) 13.0/11.9/7.5 
R5 TAZ-2PXZ 622, 664 3.0 8 685 10.8 9.8 (0.67, 0.32) 12.4/11.5 
R6 
TAZ-
2DMAC 
622, 664 3.5 8 926 10.1 8.1 (0.67, 0.32) 13.5/12.9 
B1 
TAZ-
DMAC 
472, 496 3.6 12 190 15.3 10.1 (0.17, 0.35) 7.0/6.7 
B2 
TAZ-
2DMAC 
472,496 4.2 8 496 11.8 8.0 (0.16, 0.31) 6.0/5.7 
a operating voltages at 1 cd/m2; b the maximum luminance; c the maximum current efficiency; d The maximum 
power efficiency; e Commission International de L’Eclairage coordinates recorded at 8 V; f maximum external 
quantum efficiency of /@1 000cd/m2/@10 000 cd/m2 
Table 2. The electroluminescence properties of all the devices 
 
